Objective: This study examines the prevalence of premenstraal symptoms among a large, population-based sample of reproductive-age, active-duty women.
INTRODUCTION
Premenstrual symptoms are commonplace among reproductive-age women. In only a small proportion of women with symptoms are they severe enough to interfere with functioning, meet diagnostic criteria for premenstrual syndrome (PMS), or prompt a health care visit.
However, little is known about differences between women who do not report premenstrual symptoms and the up to 80% of women who do (1) . With such a large proportion of women experiencing premenstrual symptoms, it is important to understand both the precursors and effects of such symptoms. Psychosocial variables, particularly depressive symptoms (2-6) have been strongly associated with premenstrual symptoms, leading some investigators to suggest that severe premenstrual symptoms may reflect an underlying depressive disorder (3, 4) . Perceived stress and physiological stress arousal have also been frequently associated with premenstrual symptoms (6) (7) (8) (9) (10) (11) (12) . Lifestyle factors such as smoking (13, 14) , alcohol intake (7, 15) , physical activity (7) , and working outside the home (16) have been associated with a variety of menstrual cycle problems. Medical disorders (6, 17) , general well-being (5), contraceptive use (17, 18) , and sociodemographic characteristics (6, 17) have also occasionally been associated with premenstrual symptoms.
Unfortunately, many of the studies of premenstrual symptoms have small numbers of subjects and are restricted to clinical samples. Also, many of the psychosocial and lifestyle variables associated with premenstrual symptoms are related to each other. For example, recent stressful life events have been recognized as strong predictors of vulnerability to episodes of major depression (19) , and work stress has been associated with both mental distress (20) and greater health problems (21) . Stress and depression are well known correlates of alcohol and tobacco use. Little is known, however, about the interrelationship of these variables in women PMS SYMPTOMS AMONG MILITARY WOMEN 5 with premenstrual symptoms. Despite evidence for physiological linkages between gonadal hormones, depression, and stress (22, 23) , we could locate no epidemiological study that has investigated how these types of variables interact in women with premenstrual symptoms and which risk factors may be more important than others with regard to PMS symptoms.
The majority of women in the military are of reproductive age. They are all employed and, in general, are in optimal health. The present study examined the prevalence of premenstrual symptoms among a large, population-based sample of reproductive-age, activeduty women. A multivariate approach is used to evaluate the relative importance of a large number of potential psychosocial and lifestyle predictors after controlling for demographic differences in women who reported recent premenstrual symptoms compared to those who did not.
METHODS

Data Source and Procedures
This study drew on a combined data set from two large-scale studies: (a) the 1998 Health questionnaires and a small proportion of the Navy and Marine Corps responses were from a subsample of group worksite questionnaire administrations. Most questionnaire items were drawn from brief standardized instruments with reliable psychometric properties applicable to a military population. Military advisors were extensively consulted on priority and acceptability of items to be included in the questionnaire. Data collection involved three questionnaire mailings with a "reminder/thank you" postcard sent between the first and second and between the second and third mailings. Mailout materials included a cover letter, questionnaire booklet, participant consent form and instructions, and postage-paid return envelope. Completed questionnaires were optically scanned with progranmied editing checks. Additional manual and computerized edits were conducted to optimize the quality of the data. The combined overall response rate was 39%. Details of the probability sampling design and survey methodology have been reported elsewhere (24, 26) . Subjects included in the present study were 6,026 active-duty women of all branches of military service stratified by service, paygrade group, race/ethnicity, and location.
To properly compute sampling weights, only those with complete data on strata variables were included in the present analyses. Exclusions included 684 women who were pregnant, using hormone replacement therapy, or were over age 49 years, and 153 women who did not answer the questionnaire item on premenstrual symptoms. These exclusions resulted in a final sample of 6,026 women representing 164,299 active-duty military women.
Measures
A special supplement for women on the questionnaire measured female-specific conditions, menstrual problems, and estrogen use. Most items were adapted from national health surveys or risk factor measures. Prevalence of female-specific conditions was assessed from a list of 12 conditions the respondent may have had during the past 3 months, regardless of whether they resulted in a visit to sick call or a health care provider. Women who responded positively that they had "premenstrual symptoms or pain (PMS, premenstrual cramps)" were defined as cases (N=3861); those responding negatively to this item were defined as controls (N=2165).
Medical history variables. The medical history portion of the questionnaire consisted of 28 medical conditions that were adapted from the National Health and Nutrition Examination Survey (NHANES) HI and excluded conditions primarily associated with the elderly, such as stroke and osteoporosis (27) . Respondents indicated whether a health care provider had ever told them they had any of these. A summary variable of the total number of current medical conditions was created based on the number of positive responses to questionnaire items inquiring if the respondent still had the condition.
Health care use was assessed with 3 items asking about the number of times personnel went to a military medical facility for their own health care during the past 12 months and by 3 items asking about the number of times personnel went to a civilian doctor's office or outpatient clinic. These items were adapted from the 1994-1995 Health Care Survey of DoD Beneficiaries (28) and the DoD Women's Health Survey (29) . The number of civilian and military facility visits for illness or injury or follow-up for illness or injury were combined into one measure, and visits for civilian and military facility mental health visits were combined into a second measure.
Lifestyle variables. As part of the lifestyle measures developed originally for the Navy's Health and Physical Readiness (H&PR) Study (30) , respondents indicated the approximate number of days they took vitamins during the past 7 days, and how they perceived their physical fitness on a 5-point scale ranging from poor (0) to excellent (4). Current birth control method was assessed from a list of 14 possible methods taken from NHANES III (27) , as was an item (32) . This scale has been found to have good reliability and is scored from 0 to 100, with 100 representing optimal health status (33).
Depressive symptomatology was assessed with a shortened version of the Center for Epidemiologic Studies-Depression Scale (CES-D). The 4-point (0 -3) scale ranged from rarely or none of the time (less than 1 day) to most or all of the time (5-7 days) and inquired about how often respondents "have felt this way during the past 7 days" (34, 35) . Seven items were scored such that the higher the score, the more depressive symptomatology indicated by the respondent.
This index correlates 0.92 with the full CES-D and has a reliability of alpha = .83 (36) . A cutoff of 6 was used as an indicator of depression.
Perceived job stress was assessed with the 12-item Job Pressures Scale (37).
Respondents were asked to indicate how often they were "bothered" by the pressure or stresses
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of their job on a 5-point scale ranging from not at all (0) to nearly all the time (4). An overall score was obtained by summing and averaging the raw subscale scores (38) . Other psychosocial variables examined are listed in the footnote to Table 3 and have been described elsewhere (25) .
Sociodemographic variables included sex, age, race/ethnicity, paygrade, marital status, numbers of previous pregnancies and births, age at first livebirth, and age at menarche.
Analytic Approach
To account for the complex sampling design, the Survey Data Analysis (SUDAAN) software system, developed by Research Triangle Institute (39), was used for statistical analysis of the survey data. The CROSSTAB procedure in SUDAAN was used to calculate weighted estimates of percentages and frequencies and estimates of their standard errors. Chi-square tests and significant p values were employed to evaluate the differences between cases and controls on demographic, medical history, lifestyle, and psychosocial variables. The LOGISTIC procedure was utilized to estimate odds ratios and 95% confidence intervals and to fit a hierarchical multiple logistic regression model examining the relationships between premenstrual symptoms and psychosocial variables controlling for sociodemographic and lifestyle variables.
RESULTS
The prevalence of premenstrual symptoms within the prior 3 months among active-duty women was 69%; that is, 2 out of every 3 reproductive-age women experienced symptoms. As shown in Table 1 , premenstrual symptoms were significantly associated with all menstrual dysfunction measures except endometriosis (gynecologic disease). Women with premenstrual symptoms \yere especially more likely to report heavy periods (excessive menstrual flow), abdominal pain, and bleeding between periods. Women reporting premenstrual symptoms were PMS SYMPTOMS AMONG MILITARY WOMEN 10 also more likely to report 2 or more current medical conditions, migraines, and health care provider visits for illness or injury, or mental health care in the past year. Table 2 shows the demographic distribution of active-duty women with premenstrual symptoms compared with controls. Cases were significantly more likely than controls to be among younger and older age groups and among white and Hispanic women than among black women. Cases and controls did not differ with respect to marital status, paygrade, number of children, age at first livebirth, or age at menarche.
Selected potential lifestyle and psychosocial correlates are shown in Table 3 . Women who reported premenstrual symptoms within the prior 3 months were significantly more likely than control women to have tried to lose weight in the past year, rated their physical fitness poorer, had never been pregnant, were current smokers and heavier drinkers, had perceived their health more poorly, had more depression symptoms, and reported a higher level of job stress. A significant interaction was found between depression and abdominal pain such that women with premenstrual symptoms reported more depression with abdominal pain than with either depression or pain alone. As expected, women using Depo-ProveraTJ^ in the past month were less likely to report premenstrual symptoms; there was no association with use of birth control pills.
To identify which of the significant bivariate correlates were most important to the report of premenstrual symptoms among these women, a hierarchical logistic regression model was fit by entering all significant variables shown in Table 3 in three successive blocks: demographic variables on the first step, lifestyle factors on the second step, and psychosocial factors on the third step. Two summary dummy variables were created to combine users of birth control pills, users of Depo-Provera, and nonusers into one variable, and another in which heavier drinkers were defined as those who drank on either 11 or more days in the past month or consumed 5 or
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more drinks on a typical day versus those who drank less. Table 4 shows the final model in which depression, smoking, and physical fitness are no longer important and have been removed from the equation. The bivariate association with race/ethnicity was lost when lifestyle measures were included indicating that whites and Hispanics were at higher risk for premenstrual symptoms due to their weight/dieting behavior and/or heavier drinking patterns. (After excluding women who reported taking diet pills, attempt to lose weight was still significantly associated with premenstrual symptoms. Therefore, symptoms were not attributed to the pill taking.)
Significant variables remaining in the equation after controlling for the protective effects of taking Depo-Provera and never being pregnant, were young age (those less than 20 years of age at twice the risk of premenstrual symptoms than those aged 35+), trying to lose weight, heavier drinking, poorer self-perceived health, and overall job stress. The greatest risk factor for premenstrual symptoms was a high level of job stress, with an odds ratio of almost 3 relative to women without symptoms.
DISCUSSION
As in civilian population samples, the prevalence of premenstrual symptoms reported among military women was high. The 64% 3-month prevalence among military women is consistent with the 55% to 73% current prevalence found in other nonclinical samples, despite variation in the symptom measures used across studies (3, 40, 41) . The considerable overlap in reports of premenstrual symptoms with that of other menstrual complaints has also been noted in a few clinical studies (2, 42) and has been attributed to a possible disruption in prostaglandin synthesis (42) or elevated estrogen/progesterone ratios (2).
Of the several lifestyle factors examined, only attempt to lose weight and heavier alcohol drinking were significant in multivariate analysis. This is consistent with the greater alcohol use
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found in studies of PMS (15, 18) . It is of potential relevance that studies of other significant menstrual complaints, such as bleeding between periods, have found more important associations with smoking than with alcohol consumption (14) . Such findings suggest that the effects of lifestyle factors may be phase-specific.
The findings of this study are consistent with the bivariate associations found between depression and premenstrual symptoms and pain found in smaller samples of women (3, (41) (42) (43) .
The association between premenstrual depression and premenstrual pain observed by Bancroft and Rennie (43) was identified as an interaction in the current study. Also of interest in the present study was the finding that when the attempt to lose weight was controlled, the association with depression was no longer significant. In another study that found a premenstrual sweet food craving associated with depressive mood, a possible serotonin link between premenstrual symptoms and depression was suggested (42) . It is possible that a premenstrual craving is related to obesity and/or dieting behavior, which in turn is associated with depression. This possibility is also consistent with a serotonergic-gonadal hormonal link, supported by increasing evidence from a variety of animal and human studies that serotonin function is affected by estrogen (44) .
The fact that depression is approximately twice as common among women as men (45) (46) (47) , and that the incidence of depression and disturbed mood increases in girls with the onset of puberty and in perimenopausal women (46, 47) , suggests that gonadal hormones play an important role in depression and regulation of mood. Recent findings of lower estradiol levels in the foUicular phase of the menstrual cycles of women with depression than non-depressed women have implicated an interaction between estrogen and the central nervous system (CNS) operating via the hypothalamic-pituitary-gonadal axis and the hypothalamic-pituitary-adrenal
PMS SYMPTOMS AMONG MILITARY WOMEN 13
(HPA) axis (9, 10) . Normal levels of estradiol during the luteal phase in women with depression suggest that such an interaction is multidimensional and potentially modulated by other CNS and hormonal systems. The present findings would suggest these systems are mediated by stress.
Numerous studies show stress to affect both the reproductive axis and psychosocial functioning (8) (9) (10) (11) . The strongest predictor of premenstrual symptoms in this study, job stress, was associated with an almost 3-fold risk of symptoms after controlling for all other variables.
To our knowledge, this is the first epidemiological study to identify an association between job stress and premenstrual symptoms. This unique finding, among a large sample of young military women, is generally consistent with the positive relationship found between the probability of having PMS and working outside the home (16) , and the greater current life stress and history of trauma reported in women with premenstrual dysphoric disorder (PMDD) (48) . It is largely consistent with the high negative affect scores found only in the premenstrual phase among young women who reported experiencing stressful life changes in the past year (49) . The strength of the association found in this study, together with previous findings that few women with premenstrual symptoms report work impairment (40) , suggests that work stress may be internalized in young, symptomatic, employed women rather than reflected in their work performance. It also suggests that work stress intervention efforts may help ameliorate premenstrual symptoms. Work stress, perhaps through cycle phase-related elevated cortisol levels, may represent an important additional biological link in postulated serotonergic-estrogen pathways. Supporting biological evidence comes from studies that have found that stress-induced amenorrhea activates the HPA axis and increases cortisol secretion (9) and that greater norepinephrine to cortisol ratios have been found in women with PMDD (45) . The combined
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examination of clinical and epidemiological findings may help elucidate the risk factors and biological mechanisms involved in the experience of premenstraal symptoms.
One limitation of the present study is the lack of a standardized assessment of premenstrual symptoms and other menstrual complaints. Further, there was no available measure of symptom severity; it is unknown how many women may have met diagnostic criteria for PMS (16) . It will be important to determine the extent to which the present results are reproducible among women with severe symptomatology or PMS. As is usual in military mail surveys, the response rate was low, with the high mobility of the population accounting for the majority of undeliverable/incorrect addresses and nonresponses. There is no a priori reason, however, to believe women with premenstrual symptoms were more or less likely to return questionnaires than nonsymptomatic women. Another limitation of any self-report data is that they are subject to memory errors and recall bias. Also with cross-sectional data, causal associations cannot be determined. Although modeled as predictors in the present study, psychosocial variables may also be conceived of as outcomes of experiencing premenstrual symptoms. It may be possible, for example, that premenstrual symptoms, including depressed mood, influence self-reports of job stress. To overcome these limitations, the present results should be prospectively confirmed in longitudinal epidemiological studies that strive to determine cycle phase-specific changes in young, employed women. 
